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約 82%を説明できた。現象を支配する 2 つの因子は、「粘土粒子による揮発生成物の吸着性」
ならびに「粘土粒子に吸着された揮発生成物のコーキング反応性」と考えられた。粘土物性の
因子分析では、11 項目の粘土物性について、4 因子で全体の約 90%が説明できた。粘土粒
子の物性値がガス化生成物の生成量におよぼす影響を定量化し比較した結果、ガスの収率
向上には、Fe 含有量の増加、Al 含有量の増加、Mg 含有量の減少および K 含有量の減少、
Ti 含有量の増加及び比表面積増加の順に高い影響度を持つことが分かった。具体的に、Fe
含有量の影響度を 1 として、Al 含有量の影響度が 0.6、Mg 含有量は 0.55、Mg および K 含有
量、Ti 含有量及び比表面積は 0.5 程度であった。それ以外の物性からの影響度が 0.3 未満
である。一方で、タールの削減には酸量の増加および細孔径および細孔容積の増加の順に
高い影響を持つことが分かった。重質タールの削減に対する酸量の影響度を 1 として、Al 含
有量の影響度は 0.5、それ以外の物性は全て 0.3 以下であった。水溶性物質の削減には、酸
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There is concern about the depletion of petroleum resources while energy demands 
increase now in Indonesia. On the other hand, quantity of existence of biomass resources is 
enormous, but there is no technological solution which is suitable for a local condition, so that 
biomass utilization is not advanced. From this background, it is important to realize a biomass 
gasification process that can be used and developed by a local community in Indonesia. In this 
study, to establish a biomass catalytic gasification process by clays that can be procured in 
Indonesia, screening of clays and investigation of effects of various physical properties of clays 
on biomass gasification performance are conducted. 
The dissertation consists of five chapters, the introduction in Chapter 1 describes the 
background of this thesis, the purpose of the research, and the structure of the dissertation. 
In Chapter 2, experiments were conducted focusing on possibility of biomass fluidized 
catalytic gasification using clay particles as a fluidization medium. In the catalytic cracking 
gasification nine types of Indonesian clay ware tested to compare the performance in silica sand 
and commercial activated clay. Carbon conversion ratio from biomass to tar can be reduced up to 
30 points (average 42wt% → average 12wt%) by application of clay particle in comparison with 
silica sand. At the same time, the conversion ratio to gas could be increased in around 5 points. 
As compared to the performance in a commercial activated clay, this result shows a similar tar 
removal, so that clay catalysts had a high tar removal capacity. On the other hand, the conversion 
ratio to gas was around 10 points lower than that in activated clay due to an increase in the amount 
of deposits on clay particles. From the above results, it was concluded that clay particles which 
are easy to collect and cheap at the site were potential catalysts for biomass gasification. On the 
other hand, it became clear that the product yield was varied for each clay particle. The 
relationship between the physical properties of the clay particles and the product yield was studied 
but quantitative relationship was not obtained. 
In Chapter 3, the causal relationship between biomass fluid catalytic cracking reaction 
experiments and the physical properties of the clay used was analyzed using a statistical method. 
In factor analysis of biomass gasification products, two factors were obtained to explain about 
82% of the overall behavior of five products. Two factors governing the phenomenon were 
thought to be " Adsorption of Volatiles by Clay Particles" and " Coking Reactivity of Volatiles 
Adsorbed on Clay Particles". In the factor analysis of clay physical properties, four factors 
obtained from factor analysis could explain about 90% of the 11 physical properties of clay. As a 
result of quantification of effects of the physical property of the clay particles on the amount of 
gasification products, the improvement of gas yields was caused by the order of properties: an 
increase in Fe content, an increase in Al content, a decrease in Mg and K contents, an increase in 
Ti content, and an increasing in specific surface area. Assuming the influence of Fe content is 1, 
specifically 0.6 is the influence of Al, 0.55 is of Mg, 0.5 are of Mg and K, of Ti, and of specific 
surface area. The influence of another physical properties is less than 0.3. On the other hand, it 
was found that, for reduction of tar, the decreasing order of the influence were an increase in acid 
amount and an increase in pore diameter and volume. By assuming an influence of acid content 
increment on heavy tar reduction is 1, quantitative impact of Al content is 0.5, but below 0.3 of 
the other physical properties. In terms of water-soluble tar reduction, against of the impact of acid 
amount assuming 1, the degree of influence of Al content is 0.8. 
In an actual circulating fluidized bed gasification process, particles are circulated 
between gasification and combustion furnaces to perform continuous gasification. Therefore, it is 
necessary to confirm deterioration of clay particles during oxidation / reduction cycle. In Chapter 
4, experiments were carried out to simulate a circulating fluidized-bed gasification process in 
which biomass catalytic gasification and complete combustion alternatively took place in one 
fluidized bed reactor. During total 25 couples of gasification and oxidization experiments, there 
was no significant change in the products yields, but with the increase in the number of 
experiments, a few amount of CO decreased to increase amounts of CO2 and H2. Therefore, it was 
considered that the shift reaction in the gasification furnace (CO + H2O (g) → CO2 + H2) was 
promoted. 
Chapter 5 summarizes this paper and describes its future investigation. In this study, 
multivariate analysis was utilized to understand not the detailed reaction pathways but the overall 
reaction processes of the pyrolysis reaction, to estimate products yields from physical properties 
of clay catalysts through catalytic biomass gasification, and to screen an appropriate clay for the 
biomass fluid catalytic gasification. The conditions for selection were clarified. As a future 
investigation, to deepen the statistical approach of the fluid catalytic cracking reaction, and 
collection of physical property data of clay particles and experimental data in various conditions 
have been considered. 
 
